In this paper we consider transmission over channels which produce intersymbol interference. New equalization schemes derived from recently proposed lattice-reduction-aided equalization of multiple-input/ multiple-output channels are presented. The schemes exhibit low complexity, require no or only very little channel state information at the transmitter, and channel coding can be immediately applied. The connection to partial-response signaling and state-of-the art equalization schemes is explained. Numerical simulations show the good performance of the equalization scheme.
Introduction -We consider transmission over channels which produce intersymbol interference (ISI).
The T -spaced discrete-time model including transmit filter, continuous-time channel and whitened-matched filter [4] Recently, a new equalization concept for flat-fading multiple-input/multiple-output (MIMO) systems has been presented [8] , [7] . Resorting to lattice basis reduction low-complexity transmission systems with performance extremely close to maximum-likelihood detection can be designed. In the present work we apply these concepts for the equalization of ISI channels and show the connection to state-of-the art schemes.
Results from numerical simulations results show that performance close to DFE but without the need for immediate decisions can be achieved.
Lattice-Reduction-Aided Equalization -The idea of lattice-reduction-aided equalization for MIMO channels is to combine methods known from lattice theory, in particular lattice reduction, i.e., the generation of a more suited representation of a lattice, with traditional low-complexity detectors, in particular simple linear equalization. Having performed the complex preprocessing step for finding the reduced basis (e.g., using the LLL algorithm [6] ), detection complexity is reduced dramatically at the cost of moderate performance degradation.
Starting point is an equivalent real-valued MIMO channel model y = Ha + n obtained from the initial complex one by separating real and imaginary parts [7] . The matrix H comprises the fading coefficients between each pair of transmit and receive antenna, x is the column vector of real channel input symbols a k , drawn from a regular grid (translate of the integer lattice Z), n the vector of additive white Gaussian noise samples n k , and y is the vector of received signals.
Since a k ∈ Z, at the receiver side the lattice HZ K , where K denotes the dimension of the input vector, is present. The same lattice may be described by basis vectors which are pairwise close to orthogonal. Such a basis can be found by lattice (basis) reduction [6] which factors H as
where R is a matrix with integer entries that has unit determinant, i.e., R −1 also contains only integer entries. Now, instead of linear equalization of H, only the factor H red is linearly equalized. Since RZ K = Z K the (noise-free) decision symbols are drawn from the integer grid, and individual threshold decision of each component to the integer grid can be performed. Thereby, the noise enhancement due to H −1 red is lower than that of H −1 and a gain in performance is achieved. Finally, to recover data, via R −1 estimatesâ k of the initial data symbols are generated. The transmission scheme is depicted in Figure 1 .
New Equalization Scheme -The concept of lattice-reduction-aided equalization is also applicable to (single-input/single-output, SISO) ISI channels. In the light of (1), now the channel transfer function should be decomposed according to
However, no suited factorization algorithm for the situation at hand is known. An obvious approach to solve this problem is to consider the transmission of blocks of symbols. Then the input/output relation between blocks (vectors) is again given by matrix/vector notation. Since all matrices in (1) are convolutional matrices, representing FIR transfer functions they have to have Toeplitz structure. Unfortunately, when applying the LLL algorithm, this property is not guaranteed.
A solution to overcome this problem is to consider the properties of R(z) = k≥0 r k z −k . Like R, this polynomial has to have integer coefficients (the first tap can be normalized to 1). Additionally, numerical simulation show that it is sufficient to restrict the coefficients r k to the set {0, ±1}. Hence, only a manageable number of polynomials R(z) are possible. A simple strategy is to collect these is a look-up Hence, via linear equalization, the current channel is equalized to the target polynomial R(z) which falls into the class of partial-response channels [5] . After threshold decision, R(z) has to be inverted. Since R(z) usually has spectral zeros, this has to be done either by DFE or via (Tomlinson-Harashima, TH) precoding [3] at the transmitter, see Figure 2 . Linear equalization to a target polynomial in combination with some kind of residual equalization has been very popular, e.g., in cable transmission [1] and magnetic recording [2] and can now be interpreted in the light of lattice basis reduction.
Numerical Results and Conclusion -The performance of the newly proposed scheme has been as-sessed by means of numerical simulations. The channel has order p = 4; the 5 taps are real Gaussian distributed with exponentially decaying (3 dB per tap) power-delay profile. 4-ary one-dimensional PAM is used. The symbol error rate of various equalization strategies, averaged over a large number of channel realizations, is plotted in Fig. 3 over the ratio of energy per information symbols E b and one-sided noise power spectral density N 0 .
Tomlinson-Harashima precoding [3] and DFE perform best and pure linear equalization worst. The proposed equalization strategy shows some loss compared to DFE, however, since here no immediate decisions are required channel coding can be applied straightforwardly, which is not the case for DFE. Using precoding for the partial-response part R(z), performance close to DFE is possible. In contrast to precoding the entire channel H(z), here only a very small number of bits have to be sent to the transmitter in order to specify the actual R(z).
In summary, the proposed equalization scheme derived from lattice-reduction-aided equalization for MIMO channels offers a good trade-off between complexity and performance. Precoding the R(z) part is of particular interest; only a very small amount of channel state information is required at the transmitter and channel coding can be applied immediately. Fig. 1 . Lattice-reduction-aided equalization of MIMO channels.
Figures Fig. 2 . Equalization scheme for ISI channels derived from lattice-reduction-aided equalization. Residual equalization via: DFE (top) and TH precoding (bottom). 
